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Purpose 
 Determine the sensitivity to image 
disparities presented on a S3D display. 
 Subjective judgment of disparity-induced 
depth perception. 
 Estimate the time-of-contact of an image 
moving in depth with a reference depth. 
 Contributions of size and disparity cues to 





 Task 1: To determine the accuracy of 
detecting depth differences in S3D 
images. 
 Task 2: To determine the accuracy and 
reliability of spatial localization of 
perceived depth from static S3D images.  
 Task 3: To determine the accuracy of 
estimating the depth of dynamic S3D 
images. 
Methods 
 Sixty subjects, 18 to 40 years of age.  
 Subjects had visual acuity of 20/25 or better 
in the worst eye and stereopsis of 60” or 
better. 
 Test stimuli were presented on a 56” LG 3D 
TV at 2.4 m.  
 A pair of circular polarizing glasses were 
used to view the stimuli. 












Diamond 465 11.24 
Circle 111 2.65 
Circle Stroke Width 23 0.55 
12 px Disparity 8 0.19 
24 px Disparity 15 0.36 
36 px Disparity 23 0.55 
48 px Disparity 30 0.72 
60 px Disparity 38 0.91 
Task 1: Detecting Disparity 
Difference in static S3D images 
 S3D stimuli: 
Baseline disparity (BD): 5 levels of baseline 
crossed disparity of 12 (0.62%), 24 (1.25%), 36 
(1.87%), 48 (2.50%) and 60 (3.12%) pixels. 
Delta disparity (DD): 3 levels of additional 
crossed disparity of 2, 4, and 6 pixels. 
Change disparity (CD): ± 2 pixels, 350/750ms 
steps, 3 times. 
 
Methods 
 600 trials (5 BD x 3 DD x 2 direction x 20 
trials) presented as 6 blocks of 100 trials. 
 Report the circle with delta disparity(DD). 
 Report the direction of subsequent change 
in depth of the target circle. 
 Measurements: Accuracy and response 
time (RT) for detecting DD and CD. 
Results 
 Accuracy of identifying the target circle 
Within-subjects ANOVA.  
Significant main effect of BD (p = 0.03) and 
DD (p < 0.0001). 
Response accuracy was > 98% for all 
disparities tested. 
 Response time to identify the target circle 
Significant main effect of BD (p<0.0001), DD 
(p<0.001) and their interaction (p=0.045) 
Accuracy: DD detection 
Error bars denote the 84% confidence interval.  Non-overlapping error bars indicate 
significant difference at an unadjusted p < .05. 
Accuracy: DD detection 
Response time: DD detection 
Accuracy: CD detection 
Response time: CD detection 
Mean convergence response  
Std. deviation of convergence response  
Task 1 Results 
 Identification of the target circle (with the 
DD) was less accurate for larger baseline 
disparities. 
 However, larger delta disparities increased 
the accuracy of target circle detection. 
 Change in the magnitude of crossed 




Task 2:Depth perception from 
static S3D stimuli  
S3D Stimuli: 
  Diamond with zero disparity.  
  Four circles with crossed disparity levels 
 36 (64 cm), 48 (79 cm), 60 (91 cm)pixels.  
  Circles were presented either at a constant 
 size or a size proportional to the disparity. 
 
 




36 px Size Circle (Small) 51 1.22 
48 px Size Circle (Medium) 67 1.60 
60 px Size Circle (Large) 82 1.96 
Methods 
 120 trials (3D x 2 size x 20 trials) 
presented in 2 blocks. 
 Proportional size trials were always 
presented first followed by the constant 
size targets. 
 Align a physical indicator to perceived 
depth. 
 Outcome measure: subjective estimate of 
perceived depth (cm). 
 
Analysis 
 Difference between perceived depth and 
the intended depth was calculated. 
 Two-way repeated measures ANOVA was 
used to evaluate the effect of size cue 
(constant or proportional) and disparity 
level (36, 48, 60 pixels). 
 Separate analysis for each target size 






 Disparity level significantly influenced 
perceived depth for small (p=0.002) and 
medium (p=0.001) size targets. 
 For large targets, the size cue significantly 
influenced the perceived depth (p=0.002). 
 No significant interactions were obtained 
for the disparity level and size cue. 

Task 2 Results 
 Overall, subjects reported the perceived 
depth to be closer than the intended depth  
calculated from the image disparity. 
 Depth perception is influenced by the 
magnitude of crossed disparity. 
 For small and medium targets, 
proportional size cue does not reduce 




Task 3: Estimating the depth of 
dynamic S3D images 
 Reference depth of diamond: 36,48 and 
60 pixels. 
 Rate of change: 27 (0.67),32 (0.85) and 
40 (1.36) pixels/sec (mph).  
 Size cue: proportional or constant size 
(small, medium, large) 
 108 trials (3 reference disparity x 3 
speeds x 2 sizes x 6 trials). 
 
Dynamic S3D Stimuli 
Constant size Proportional size 
Analysis 
 Outcome measure: Difference between 
response time and actual time 
 Three-way ANOVA 
Reference disparity (36, 48 and 60 pixels) 
Target speed (27, 32 and 40 pixels) 
Size cue (constant & proportional) 
 
Results 
 Significant main effect of reference disparity 
(p<0.001) and size cue (p=0.001). 
 Magnitude of RT deviation decreased as 
reference disparity increased. 
 Main effect of target speed was not 
significant (p=0.064). 
 Significant interaction of size cue and target 
speed (p=0.019). 
 
   
Task 3 Results 
 Subjects overestimated the time-of-contact   
of the circles to the reference depth of the 
diamond. 
 Proportional size cue reduces time 







 Larger change in disparity difference is 
more accurately perceived. 
 Disparity-induced depth is perceived 
reliably. 
 Matching size cue affords more accurate 
depth perception for dynamic S3D targets, 
but has less effect on static S3D targets. 
Implications 
To optimize viewing experience in S3D TVs: 
 Disparity limited to 2.5% (48 pixels) of screen 
width might be better for sustained viewing. 
 4 pixels (.2% width or .2°) are adequate to afford 
optimally perceived depth difference. 
 Crossed-D of > 2-pixel increase can be detected. 
 Depth from crossed disparities are typically   
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